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DFFXUDWHZLGHVSHHGUDQJHVHQVRUOHVVRSHUDWLRQ$WYHU\ORZVSHHGWKHLUVSHUIRUPDQFHVDUHSRRU2QHRIWKHUHDVRQV
LVWKHKLJKVHQVLWLYLW\RIWKHREVHUYHUVWRXQPRGHOHGQRQOLQHDULWLHVGLVWXUEDQFHDQGPRGHOSDUDPHWHUVGHWXQLQJ
7KH.DOPDQILOWHUSURYLGHVDVROXWLRQWKDWGLUHFWO\FDUHVIRUWKHHIIHFWVRIGLVWXUEDQFHQRLVHVLQFOXGLQJV\VWHPDQG
PHDVXUHPHQWQRLVHV7KHHUURUVLQSDUDPHWHUVZLOODOVRQRUPDOO\EHKDQGOHGDVQRLVH
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7KHFULWLFDOVWHSLQWKHEKFLVWKHVHDUFKIRUWKHEHVWFRYDULDQFHPDWULFHV4DQG5KDYHWREHVHWXSEDVHGRQWKH
VWRFKDVWLF SURSHUWLHV RI WKH FRUUHVSRQGLQJ QRLVH 7KH QRLVH FRYDULDQFH 5 DFFRXQWV IRU WKH PHDVXUHPHQW QRLVH
LQWURGXFHG E\ WKH FXUUHQW VHQVRUV DQG TXDQWL]DWLRQ HUURUV RI WKH $' FRQYHUWHUV ,QFUHDVLQJ 5 LQGLFDWHV
VWURQJHU GLVWXUEDQFH RI WKH FXUUHQW 7KH QRLVH LV ZHLJKWHG OHVV E\ WKH ILOWHU FDXVLQJ DOVR D VORZHU WUDQVLHQW
SHUIRUPDQFHRIV\VWHP
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.DOPDQVSHHGDQGIOX[HVWLPDWLRQLVDSSOLHGWRDQLQGXFWLRQPRWRUGLUHFWILHOGRULHQWHGFRQWUROOHGDVVKRZQLQILJ
,Q ILJ $VVXPHG WKH UHIHUHQFH IOX[ LV FRQVWDQWZLWK WKH YDOXHRI:E DQG WKH UHIHUHQFH VSHHG DQG ORDG LV
UDGVDQG1PUHVSHFWLYHO\
7KHRXWSXWVRID3:0YROWDJHVRXUFHLQYHUWHUDUHXVHGDVWKHFRQWUROLQSXWVIRUWKH(.)7KHVHVLJQDOVFRQWDLQ
FRPSRQHQWV DW KLJK IUHTXHQFLHVZKLFK DUH XVHG DV WKH UHTXLUHG QRLVH E\ WKH.DOPDQ ILOWHU 7KXV QR DGGLWLRQDO
H[WHUQDOVLJQDOVDUHWKHQQHHGHG
)LJ VKRZV WKH VWHS UHVSRQVH RI VSHHGZLWK  D WLPH UDWLQJ ORDG 1P7KH UHDO VSHHG DQG WKH HVWLPDWHG
VSHHGDUHVKRZQLQILJDZKHQWKHUHIHUHQFHVRIUGVZLWKWKHORDGWRUTXHDUHJLYHQ
:HFDQQRWLFHWKHJRRGHVWLPDWLRQRIWKHPRWRUVSHHGZLWKDIHZUGVHUURULQVWHDG\VWDWHDQGZKHQORDGDSSOLHG
ZKLFKLOOXVWUDWHGE\ILJE
)LJF VKRZV WKH UHDO DQG HVWLPDWHG IOX[PRGXOH DQG WKH HUURU EHWZHHQ UHDO DQG HVWLPDWHG IOX[ LV GUHVVHG LQ
ILJG
)URPILJZHFDQQRWLFHWKDWWKHSURSRVHG(.)ZRUNVLQYHU\ORZVSHHGUHJLRQZKHUHPDQ\VSHHGHVWLPDWRUV
RUREVHUYHUVKDYHSRRUSHUIRUPDQFHV)LQDOO\DOOWKHVHUHVXOWVFRQILUPWKDW(.)¶VSHUIRUPDQFHLVTXLWHJRRGXQGHU
QRORDGIXOOORDGDQGLQVSHHGHVWLPDWLRQIRUDOOTXDGUDQWVZLWKRXWFDXVLQJLQVWDELOLW\














)LJ6SHHGFRQWURORIDQLQGXFWLRQPDFKLQHXVLQJGLUHFWILHOGRULHQWHGFRQWUROPHWKRGDQGDQ(.)IRUURWRUIOX[DQGVSHHGHVWLPDWLRQ
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0($685(0(1712,6(
,Q PDQ\ DSSOLFDWLRQV WKH PHDVXUHPHQW QRLVH FDXVHG E\ HLWKHU KDUGZDUH RU HQYLURQPHQW DIIHFWV WKH V\VWHP
VLJQLILFDQWO\ 7KH HVWLPDWHG VWDWHV RU VHQVHG YDULDEOHV DUH WKH LQSXWV LQWR WKH QRQOLQHDU FRQWURO 7KHVH VWDWHV RU
YDULDEOHVDUHRIIHQPXOWLSOLHGZLWKRWKHUVWDWHVRUFRQVWDQWFRHIILFLHQWVDQGDPSOLILHGZKLFKGHJUDGHVWKHRXWSXWVRI
WKHV\VWHP,QWKLVFDVHWKHILOWHULQJFKDUDFWHULVWLFRIWKHREVHUYHUEHFRPHVPRUHFULWLFDO6LQFHWKH.DOPDQILOWHUKDV
WKHPHDVXUHPHQWQRLVHXQFHUWDLQW\PRGHOLQJSURSHUW\RQHFDQHOLPLQDWHPHDVXUHPHQWQRLVHXSWRDFHUWDLQOLPLW
7KHHVWLPDWLRQDFFXUDF\RI(.)LVWHVWHGLQWKLVSDSHUXQGHUQRLV\FXUUHQWPHDVXUHPHQW
,Q)LJWKHLQMHFWHGQRLVHWRWKHGDQGTVWDWRUFXUUHQWVLQWKHUDQJHRI>$@LVVKRZQ7KHQRLVHLV]HURPHDQ
ZKLWH*DXVVLDQ7KHDLPRIWKHFXUUHQWLQMHFWLRQLVWRREVHUYHWKHORZSDVVILOWHUFKDUDFWHULVWLFVRI(.)
)LJ RYHUOHDI VKRZV WKH UHVSRQVHVRI WKH VSHHG  WKHFXUUHQWV DQG WKH IOX[EHWZHHQ WKHDFWXDO DQGHVWLPDWHG
VWDWHVIRUVWHSUHIHUHQFHZLWKRIWKHUDWHGORDGDWW V$WW VWKHVSHHGLVUHYHUVHGIURPUDGVWR
UDGVDQGDWW VWKHUHIHUHQFHVSHHGEHFRPHVUDGV$VVKRZQLQ)LJXUHWKHHVWLPDWHGVSHHGFXUUHQWV
DQG IOX[ DUH QRW DIIHFWHG WRRPXFK IURP WKH LQMHFWHG QRLVH 7KH VWDWH HVWLPDWLRQ DFFXUDF\PD\ EH LQFUHDVHG E\
LQFUHDVLQJ WKH PHDVXUHPHQW QRLVH FRYDULDQFH XQGHU QRLV\ FRQGLWLRQV WKXV WKH V\VWHP PRGHO ZLOO KDYH PRUH
LPSRUWDQFH
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&21&/86,21
7KHH[WHQGHG.DOPDQILOWHUKDVEHHQXVHGIRUWKHVSHHGVHQVRUOHVVGLUHFWYHFWRUFRQWURORIDQLQGXFWLRQPRWRUWKH
NQRZOHGJHRI WKHURWRUVSDFHYHFWRUSRVLWLRQ LVHVVHQWLDO WR LPSOHPHQW WKHGLUHFW ILHOGRULHQWHGFRQWUROVWUDWHJ\ WR
LQGXFWLRQPRWRUGULYHV
,Q WKLV SDSHU D VLPSOH HVWLPDWLRQ DOJRULWKP EDVHG RQ (.) LQ GLUHFW YHFWRU FRQWUROZLWK WDNLQJ FRUH ORVV LQWR
DFFRXQW KDV EHHQ SUHVHQWHG*RRG UHVXOWV DUH REWDLQHG WKURXJK WKH VLPXODWLRQV SHUIRUPHG XQGHU ORDGV YDULDWLRQ
UHIHUHQFHVYDULDWLRQDQGORZVSHHG7KHHIIHFWLYHQHVVDQGWKHYDOLGLW\RIWKHSURSRVHG(.)HVWLPDWRUDUHYHULILHG
$SSHQGL[
3DUDPHWHUVRIWKHV\VWHPXVHGLQVLPXODWLRQ
7\SHWKUHHSKDVH.Z9VTXLUUHOFDJHLQGXFWLRQPRWRU
V U V U

P U
O
5   5   / + / +
/ +- .JP  I 1PV  UG
S 7 1P 5G  V
 :  :   
   
  :  

6XSSO\¶VYROWDJHDQGIUHTXHQF\9UPV+]
/LQH¶VLQGXFWRUDQGUHVLVWDQFH+
2XWSXWFDSDFLWRUV)
3:0FDUULHUIUHTXHQF\N+]
5HIHUHQFHV
.0DWVXVH7<RVKL]XPL+LJK5HVSRQVH)OX[&RQWURORI'LUHFW)LHOG2ULHQWHG,QGXFWLRQ0RWRUZLWK+LJK(IILFLHQF\7DNLQJ&RUH/RVVLQWR
$FFRXQW,(((7UDQVDFWLRQVRQLQGXVWU\DSSOLFDWLRQVYRO
0%DUXW26%RJRV\DQ$Q([WHQGHG.DOPDQ)LOWHU%DVHG6HQVRUOHVV'LUHFW9HFWRU&RQWURO RI ,QGXFWLRQ0RWRUV,QGXVWULDO(OHFWURQLFV
6RFLHW\,(&21
WKHWK$QQXDO&RQIHUHQFHRIWKH,(((
 * 6WXUW]HU ( 6PLJLHO 0RGpOLVDWLRQ HW FRPPDQGH GHV PRWHXUV WULSKDVpV FRPPDQGH YHFWRULHOOH GHV PRWHXUV V\QFKURQHV FRPPDQGH
QXPpULTXHSDUFRQWU{OHXUV'63(GLWLRQ(OOLSVHV
02XKURXFKH$/HIHEUH$SSOLFDWLRQRIDQ([WHQGHG.DOPDQ)LOWHUWR5RWRU6SHHGDQG5HVLVWDQFH(VWLPDWLRQLQ,QGXFWLRQ0RWRU9HFWRU
&RQWURO,(((7UDQVSRZHU(OHFWURQYRO
+.XERWD.0DWVXVH'63EDVHGVSHHGDGDSWLYHIOX[REVHUYHURILQGXFWLRQPRWRU,(((7UDQVYRO
51LOVHQ03.DLPLHUNRZVNL5HGXFHGRUGHUREVHUYHUZLWKSDUDPHWHU]GDSWLRQIRUIDVWURWRUIOX[HVWLPDWLRQLQLQGXFWLRQPDFKLQHV,((
3URFYRO
 % 3HWHUVRQ ,QGXFWLRQPDFKLQH VSHHG HVWLPDWLRQ REVHUYDWLRQV RQ REVHUYHUV 3K' 7KHVLV 'HSW RI ,QGXVWULDO (OHFWULFDO (QJLQHHULQJ DQG
$XWRPDWLRQ/XQG8QLYHUVLW\/XQG6ZHGHQ
5:'H'RQFNHU':1RYRWQ\7KHXQLYHUVDOILHOGRULHQWHGFRQWUROOHU,(((7UDQV,QGYRO
 / +DUQHIRUV +3 1HH ILOORUGHU REVHUYHUV IRU IOX[ DQG SDUDPHWHU HVWLPDWLRQ RI LQGXFWLRQ PRWRUE 3URF (XU &RQI 3RZHU (OHFWURQ
7URQGKHLP1RUZD\YRO
3=*UDERZVNL03.D]PLHUNRZVNL%.%RVH$ VLPSOHGLUHFWWRUTXHQHXURIX]]\ FRQWURO RI3:0LQYHUWHUIHGLQGXFWLRQPRWRU GULYH
,(((7UDQVDFWLRQVRQ,QGXVWULDO(OHFWURQLFVYRO
)%HQFKDEQDH$7LWDRXLQH6HQVRUOHVV&RQWURO6WUDWHJ\)RU3HUPDQHQW0DJQHW6\QFKURQRXV0RWRU)HG%\$&'&$&&RQYHUWHU,(((
,QWHUQDWLRQDO&RQIHUHQFHRQ(OHFWULFDO0DFKLQHV,WDO\,&(0
<<+H: -LDQJ$ QHZ YDULDEOH VWUXFWXUH FRQWUROOHU IRU GLUHFW WRUTXH FRQWUROOHG LQWHULRU SHUPDQHQWPDJQHW V\QFKURQRXVPRWRU GULYH
3URFHHGLQJVRIWKH,(((,QWHUQDWLRQDO&RQIHUHQFHRQ$XWRPDWLRQDQG/RJLVWLFV
.<DKLD6=RX]RX ,QGLUHFWYHFWRUFRQWURORI LQGXFWLRQPRWRUZLWKRQ OLQH URWRU UHVLVWDQFH LGHQWLILFDWLRQ $VLDQ-RXUQDORI ,QIRUPDWLRQ
7HFKQRORJ\YRO
)%HQFKDEDQH$7LWDRXLQH6HQVRUOHVVIX]]\VOLGLQJPRGHFRQWUROIRUSHUPDQHQWPDJQHWV\QFKURQRXVPRWRUIHGE\$&'&$&FRQYHUWHU
,QWHUQDWLRQDO-RXUQDORI6\VWHPV$VVXUDQFH(QJLQHHULQJDQG0DQDJHPHQWYRO
 ) %HQFKDEDQH $ 7LWDRXLQH 6\VWHPDWLF IX]]\ VOLGLQJ PRGH DSSURDFK FRPELQHG ZLWK H[WHQGHG .DOPDQ ILOWHU IRU SHUPDQHQW PDJQHW
V\QFKURQRXVPRWRUFRQWURO0HGLWHUUDQHDQ-RXUQDORI0HDVXUHPHQWDQG&RQWUROYRO
/*XRKDQ:4LQ(VWLPDWLRQRIURWRUUHVLVWDQFHRILQGXFWLRQPRWRUEDVHGRQH[WHQGHGNDOPDQILOWHU-RXUQDORI$GYDQFHVLQ&6,(YRO
±
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7HFKQROQYRO
